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The Menomonee Falls Index 


In the table shown on the cover, each of the integers, 
N, from 10 through 69 is given an index number which is the 
product of the number of prime factors of N times its 
distance from the nearest prime number. Thus, 


56 = 2:2°2°7 


has 4 factors and it is 3 away from the nearest prime (either 
Bea or 59). Similarly: 


10816 = 2:2°2°2*2:2-13:13 


has 8 factors and is 15 away from the nearest prime (10831), 
so it has an index of 120. 


We note that all prime numbers will thus have an index 
of zero, and that it is not possible to have an index of one 
(at least for N greater than 10, where we chose to begin). 
The index numbers have no upper bound, inasmuch as the 
number of factors that a number can have can increase 
indefinitely, and the gaps between successive primes can 
also increase without bound. Even relatively small values 
of N can have a relatively large index number. Thus, 

N = 89728 has 8 factors and is 25 away from its nearest 
prime, for an index of 200. 


If we tabulate the first appearance of each index 
number, we get a table like Table T, for which all entries 
from 2 through 99 certainly exist. 


We would like to see Table T filled in, and to do 
so will certainly require a computer program. Its logic 
will be something like that shown in Figure F. 


Filling in Table T, then, requires only the writing 
and debugging of a program, plus lots of CPU time. As 
a contest problem, this gives an unfair advantage to those 


who have access to faster machines for longer times. We 
wish to foster the art of computing, not the skill of 
embezzling. 


On the other hand, it is difficult to select a "best" 
program in any sort of objective manner. There is some- 
thing about a program that can be measured objectively, 
however. 
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So, for our Contest 18, we will award one prize of 
$150 for the following: 


1) Table T filled in for at least 24 more entries. 


2) A program in BASIC to perform the calculations. 
This program must be written in some sort of "standard" 
BASIC such that it could run unchanged on several different 
machines, under different BASIC interpreters, including 
those of machines like Apple II, and TRS-80. In other 
words, the BASIC notation must avoid those special or 
extended features that are not common to many BASICs, but 
are unique to one particular system. "Portable BASIC"-- 
that's what we seek, 


- 3) Given items (1) and (2), the winner will be the 


counting line numbers or insignificant spaces. Thus, 
the following statements: 


1230 N 5 
1240 —oK 6 


count as 6 characters, while the single line: 
1250 N=5: K=6 

counts as 7 characters. Note that the statement: 
1260 PRINT "THIS IS THE RESULT" 


contains 25 characters, since the spaces in the message 
are significant. (We recommend that your contest entry 
NOT contain such frills.) 


It seems that we did not allow sufficient time in our 
earlier contests. For Contest 18, take all of 1980. 
Any entry must be received at: 


Contest 18 

POPULAR COMPUTING 
Box 272 

Calabasas, CA 91302 


before New Year's Eve, December 31, 1980. 


PROBLEM 275 


Andree again 


One of Professor Richard Andree's little training 
problems is this: 


Given A and B, can we find X, Y, and Z@ 
such that: 


a 
Y 


A nice problem. It has a closed-form solution (given at 
the end of this article), or the required values can be 
found by various iterative schemes, such as bracketing 

{the bracketing process has been discussed in our issues 

35, 39, 44 and 48). To summarize the bracketing process: 


1. The solution space must be defined; that is, 
lower and upper bounds on the required value 
must be established. This is vital~-you 
must know the region in which the answer lies 
in order to apply bracketing intelligently. 


A sensible value, D, must be established, to use 
in stepping through that space. 


A test must be devised for determining when the 
required value is found, or when it has been 
passed. 


If the required value is found, quit. (This 
exit is generally rare.) 


If the required value has been passed, back up 
(at least*) one full step of D; cut the D value 
down (usually by a factor of ten); and continue 
stepping (step 2). 


Each passage through step 5 will increase the 
precision of the result by one decimal digit. 
Test for the required precision level and end 
the process when it is reached. 


In some cases (e.g., searching for a minimum 
or a maximum) it 1s necessary to back off two 
full steps. 
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Flowchart W suggests a way to attack this problem. 
The bracketing process, like any other numerical algorithm, 
cannot be applied blindly. The process is simple-minded 
(and inelegant, inefficient, and unsophisticated) but 
straightforward. Its great virtues are these: it is 
easy to code in any language; it is fairly idiot-proof 
(that is, it has no subtle booby traps); and it fits an 
amazing range of problems. It is a quick-and-dirty 
method that is highly useful for one-time solutions. 


The flowchart shows a way to bracket in on the three 
values required in Andree's problem. There is a tacit 
assumption that A and B are positive and distinet, and 
that B is greater than A and, indeed, sufficiently greater 
so that a starting value of A+tD for X is within the 
solution space. It is a characteristic of the bracketing 
process that if one wanders outside the solution space, it 
is unlikely that the process will ever converge. The 
test (step 3 of the process) consists here of two tests, 
given in the large diamonds. 


For a broad range of values of A and B, the logic 
of flowchart W, expressed in Applesoft BASIC, gave values 
of X, Y, and Z that differed by no more than one in the 9th 
significant digit from the analytic results: 


the mathematics department at California State University, 


the latter results furnished by Prof. Robert Henderson, of al 
Northridge. 


The Telephone Game 


Rules: Any number can play. Each player starts 
at S and moves, in turn, toward F. Each play is 
dictated by the toss of three cubical dice, each of 
which bears the numbers 1-1-2-2-3-3 on its faces. 

The dice are honest, and are to be tossed honestly. 
Additional moves backward and forward are indicated on 
the playing board on the following two pages. 


Our apologies to our overseas friends who may not 
be able to connect up U.S. area codes with the cities. 


Each of the three dice may be simulated in the 
following way. Assume the availability of a subroutine, 
RND, whose output, X, is uniformly distributed thus: 

(CMP, Steal 


Then (using BASIC notation), the action of one die is 
given by: 


X1 = INT( 3 * RND + 1) 
and the required action for the three dice is given by: 
X = Xl + Xe + X3. 


The distribution of the dice tosses should tend toward: 
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You complain to the Public Utilities 


Commission about lack of servi 
receive a form reply from the 


Telephone Company. 
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You call the number listed in the 
directory; it is no longer valid; 
you call information and receive 
@ lecture about using the 

directory. Go back to Sandusky. 


You dial correctly and reach a total blank-- Gor 


no ring, no busy signal, no nothing-- 
about once in every 50 calls. 


Go back to Tucson. / 
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the Bell labs in 1949. In 1980 


you can still hear those relays 
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The quality of voice transmission 
over the telephone today is 

about the same as in 1925. Stay 
exactly where you are. 


a rainstorm. You report the outage to 
the proper number and are told "It is 
raining." Go back to Fresno. 


4:08 Your telephone goes out, as always, during (03) 


You call the Bell labs in 
| New Jersey--but the line is : 
so noisy you can't be 
heard. Go back to Dubuque. / 
IN You call a private home in Lima, Per, (702) 


dialing direct, and get a clear 
(+03) connection in 30 seconds. GO AHEAD 


to Albany. The 
™~ 
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A New TAKE/SKIP Problem 


Brief recapitulation: The original TAKE/SKIP problem 
first appeared as the K-Level Sieve Problem in our issue 
number 38; it was our Contest No. 7. The original 
problem was this: 


Start with the positive integers. At each level, 
K, of the procedure to be followed, the numbers 
that are outputted from level K-1 are to be 
sleved by accepting K numbers and rejecting K 
numbers, alternately. What numbers will 

survive all levels of sieving? 


The positive integers form level zero. Level 1 
accepts one number and rejects the next; thus, 
the output of level 1 (which constitutes the 
input to level 2) is the sequence of odd numbers. 


The winning solution appeared in issue 43. The central 
concept of the winning solution--a Bucket Brigade--was 
applied to the problem in flowchart form in issue 76, 
together with a possible program in BASIC. 


We wish to reexamine the logic of the Bucket Brigade, 
applied to a new version of the problem. We'll call it 
TAKE/SKIP7 (and notice that the notation has been changed): 


Start with the positive integers. For the 
first level of sieving, Take the first two 

numbers, Skip the next 3, Take the next 4, 

Skip the next 5, Take the next 6, Skip the 

next 7, and so on, indefinitely. 


Each lower level operates in much the same 
way. Level K starts by Taking (K+1), 
Skipping (K+2), Taking (K+3), Skipping 
(K+4) and so on, indefinitely. 


What numbers will survive all levels of 
this sieve? 


The main reason for considering these sieve problems 
is that they provide ideal problem situations for those who 
are learning computing, and they come complete with known 
results. For TAKE/SKIP7 we have another reason; namely, 
to show the contrast between an implementation in BASIC 
versus.an implementation in machine language. For such 
a contrast, integer problems are ideal examples. 
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The problem could be attacked directly as indicated 
in Figure K. The natural numbers could be generated in 
a block of storage, and the process of accepting and 
rejecting could be applied to the numbers in the block. 
Figure K shows the start of the first 5 levels of the 
process, from which we can ascertain the first 6 numbers 
that will survive. Since the process eliminates half of 
the numbers at each level, then if we start with 33,000,000 
numbers at level 1, we will have left only the first 6 
numbers at level 25. 


But the winners of our seventh contest (Tom Duff and 
Hugh Redelmeier, then graduate students at the University 
of Toronto) pointed out that the proper technique is the 
Bucket Brigade, for which the logic is outlined in the 
flowcharts R and S. 


We have laid out the logic to work through 100 levels, 
which is far beyond any sensible limit. Flowchart R 
shows the mechanism for level 1, whose output is the top 
line of Figure K. 


Flowchart S shows the logic for all the other levels. 
For each level, M, we need just three things: a flag, 
labelled T(M) to indicate whether the level is in the TAKE 
mode or the SKIP mode; a counter K(M) to count the number 
of numbers to be skipped or passed on to the next level; 
and a limit L(M) to test counter K(M) against. In the 
housekeeping phase of the problem, all the T's are set to 
zero (that is, every level is set initially to TAKE); all 
the K's are set to zero; and each L(M) is initialized to 
Mtl. 


Consider, for example, level 7, for which we begin 
with these values: 


(7) 
i 


The first 8 numbers that are received from level 6 
will be passed on to level 8, after which T(7) is changed 
to one. The next 9 numbers are to be rejected, and for 
each of them, control returns immediately to level 1, the 
MAIN program. Figure P shows the first 24 results. 


The first 24 numbers 
from the TAKE/SKIP7 sieve. 
The first 18 of these were 
found with a program in BASIC 
(Applesoft) in 13 hours and 
4O minutes. The identical 
logic was recoded for 6502 
machine language, and that 
program obtained the same 18 


results in exactly 4 minutes. 


The ratio of these speeds is 


205 to l. 

The time for the machine- 
language program to obtain the 
first 24 results was 5 hours, 
56 minutes (roughly, each 
result takes twice as long 
to calculate as the previous 


one.) 
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The numbers from 1 to 120 are arranged in a spiral 
around the Black Hole, as shown in the accompanying Figure. 


The Black Hole anihilates any combination of not 


more than three numbers that form a multiple of 19. Thus, 
rue Black Hole will extinguish combinations of numbers 
ike: 


35 + Al 


(= 4 times 19) 
43°65 - 2 (= 147 times 19) 


yp +4 (= 13 times 19) 


It is easy to establish that all of the 120 numbers 
can be swallowed up in groups of one, two, or three 
numbers that make up, in some arithmetic combination, a 
multiple of 19. There are an enommous number of ways 
that this can be done. 


But now we add a natural constraint; namely, that 
the numbers must be able to be moved to the Black Hole 
in the fashion of square tiles in the plane. Thus, to 
start, only the numbers from 1 to 8 are eligible to be 
considered. At that, it is surprising in how many ways 
a nultiple of 19 can be formed out of just those numbers, 
taking them three at a time: 
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But our constraint is tighter than that. The 
triple: 


8:4 + 6 (= 2 times 19) 


will not do for a starter, since none of those three 
numbers can move to the Black Hole before numbers 3, 5, 
or 7 move first. A triple like: 


(Dida a) ( 2 times 19) 
is fine for a starter, after which all those numbers: 
ty By Sy yh G5 B25 Wey eh 
could then be used. In fact, after 7°5 + 3, the next 


triple could be 13 + 14 - 8, since the 13 can slide out 
after the 14. 


The object is to pour all the 120 numbers into the 
Black Hole, in groups of one, two, or three numbers at a 
time, forming multiples of 19 in any way, subject to the 
stated constraint. 


PROBLEM 276 


We have our usual questions: 


A) Can it be done? 


eal 


B) Is it a computer problem? 


0) Poprlar Computing 


